Export of Escherichia coli alkaline phosphatase attached to an integral membrane protein, SecY.
The SecY protein is a membrane-bound factor required for bacterial protein export and embedded in the cytoplasmic membrane by its 10 transmembrane segments. We previously proposed a topology model for this protein by adapting the Manoil-Beckwith TnphoA approach, a genetic method to assign local disposition of a membrane protein from the enzymatic activity of the alkaline phosphatase (PhoA) mature sequence attached to the various regions. SecY-PhoA hybrid proteins with the PhoA domain exported to the periplasmic side of the membrane have been obtained at the five putative periplasmic domains of the SecY sequence. We now extended this method to apply it to follow export of the newly synthesized PhoA domain. Trypsin treatment of detergent-solubilized cell extracts digested the internalized (unfolded) PhoA domain but not those exported and correctly folded. One of the hybrid proteins was cleaved in vivo after export to the periplasm, providing a convenient indication for the export. Results of these analyses indicate that export of the PhoA domain attached to different periplasmic regions of SecY occurs rapidly and requires the normal functioning of the secY gene supplied in trans. Thus, this membrane protein with multiple transmembrane segments contains multiple export signals which can promote rapid and secY-dependent export of the PhoA mature sequence attached to the carboxyl-terminal sides.